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(71) We, The General Electric 
Company Limited, of 1 Stanhope Gate, 
London VV1A 1EH, a British Company, 
do hereby declare the invention, lor which 
5 we pray that a patent may be granted to 
us, and the method by which it is to be 
performed, to be particularly described in 
and by the following statement: — 

This invention relates to luminescent 

10 screens of the kind comprising a phosphor 
layer supported on a transparent sub- 
strate, usually a glass plate, and is more 
particularly, but not exclusively, con- 
cerned with electroluminescent panels. 

15 It is an object of the present invention 
to provide an improved form of lumines- 
cent screen capable of exhibiting high con- 
trast in operation, whereby the visibility of 
images on the screen under high ambient 

20 lighting conditions is improved," by reduc- 
ing the amount of light specularly or dif- 
fusely reflected from Ithe screen. 

According to the invention, a lumines- 
cent screen comprises one or more plates 

25 of rigid transparent material and, sup- 
ported on said plate or plates, a layer of 
phosphor and three layers each capable of 
modifying the transmission of light there- 
through, which layers are disposed parallel 

30 to the phosphor layer and consist of firstly, 
disposed furthest from the phosphor layer 
and constituting the front face of the 
screen, a broad-band anti-reflection layer 
which is capable of preventing most ot the 

35 specular reflection, from the "front surface 
of the screen, of a wavelength band sub- 
stantially corresponding to the visible 
spectrum, secondly a circular polariser, and 
thirdly, disposed nearest to the phosphor 

40 layer, a band-pass interference filter which 
permits the passage therethrough of light 
only of wavelengths corresponding to the 
whole or part of the emission of ^the said 
phosphor, the screen being so arranged 

45 that, in use, the incident ambient light falls 



directly upon the anti-reSection layer. 

The anti-rcfleciiori layer may be formed 
directly on a substrate consisting of a 
transparent plate as aforesaid, or alter- 
natively the circular polariser, or both the 50 
circular polariser and the interference niter, 
may be interposed between the anti-reflec- 
tion layer and such substrate. In order to 
prevent most of the specular reflection of 
a broad wavelength band substantially cor- 55 
responding to the visible spectrum the anti- 
reflection layer should be substantially 
matched in respect of refractive index, in 
known manner, to the interface between air 
and the immediately underlying layer, 60 
whether this is a transparent substrate or 
the circular polariser. 

In operation of a luminescent screen in 
accordance with the invention, the ambient 
light incident upon the screen first passes 65 
through the anti-reflection layer, which is 
matched, as indicated above/ to the inter- 
face between air and the underlying layer 
so as to eliminate nearly all of the specular 
reflection from the front surface of the 70 
screen. 

The incident light then falls upon the 
circular polariser, with or without first 
passing through a transparent support plate 
or substrate, and since this incident light 75 
is naturally randomly polarised, up to ap- 
proximately 50% of the light passes 
through the circular polariser, the remain- 
der being absorbed. The light passing 
through the polariser and hence incident 80 
upon the interference filter is specularly re- 
flected by the filter, except for light of 
wavelengths corresponding to the" pass 
band of the filter; the light reflected by the 
filter, which has already been circularly 85 
polarised, undergoes a change of "handed- 
ness" on specular reflection,' and is there- 
fore absorbed in the circular polariser. 
The proportion of the incident lisht which 
passes through the interference filter, and 90 
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which is ih jrc Joro of wavelengths .corres- 
ponding to the phosphor emission, may be 
partially specularly reflected from any sub- 
sequent interlace in the screen structure, 
5 s^cli rejected ii-ht also being absorbed in 
ihe cicala: polarizer; the remainder of the 
I* jhi passing through :he filter is diffusely 
reV.eeted ao:n the phosphor layer and, 
since dill u>ely ledected H;ht is randomly 

10 polarised, this reflected light is only par- 
tially ab-orhed in the eireaiar polari.-er, up 
to approximately 5-)' , of this diffusely re- 
flee led li hi returning throu.h the polarizer 
to the :ace of the screen. 

15 h will thus be apparent that, by using the 
particular combination of li:ht transmis- 
sion modifying layers specified, in accor- 
dance wilh'the invention, the diffuse back- 
ground luminance of the scr n, as viewed 

20 by an observer, will be red ed to a frac- 
tion of that which would be produced by 
the full incident li:ht. which traction, be- 
fore correction for visual efficiency (de- 
pending upon variation in eye sensitivity 

25 to different parts of the spectrum), corres- 
ponds to approximately a quarter of the 
ratio of the pass band 'width of the inter- 
ference filter to th> band width of ihe in- 
cident li^ht; the contrast of the screen in 

30 operation will be correspondingly in- 
creased. The degree of improvement 
obtained will of course depend upon the 
w : dth of the filter ra*s band and hence 
upon the phosphor used, if it is desired to 

35 pa<s the whole width of me phosphor 
emission hand throu h the filter, since the 
narrower the pass band the more effective 
will be the arrangement of the invention 
in reducing the background luminance of 

40 the screen" due to reflection of incident 
ik'ht. 

"in operation of the screen the phosphor 
emission, beina randomly polarised, will 
a 'so be partially absorbed by the circular 

45 polariser in the Niime manrer as that pro- 
portion of the incident light which is dif- 
fuse!} rejected h>m ihe phosphor la\er: 
thus again approximately 50°\ of the phos- 
phor emission will be transmitted through 

50 the polarise- to the screen face. This at- 
tenuation of the emission is. however, as 
regards visual effect, much more than off- 
set by the improved contrast produced by 
the arrangement of the invention. 

55 The screen viewing angle will be limited 
according to the width of the interference 
filter pass band: thus with a narrow band- 
width, for example 20 nm. it will be neces- 
sary to view the screen from a direction 

60 normal, or nearly normal, to the screen 
face, since at larger angles to the normal, 
th* wavelength band of the !imt trans- 
mitted by the filter ; s altered. The nar- 
rower the pa^s band, the more restricted 

65 will the viewing anele be; if a wider view- 



ing angle is desired, a filer with a broader 
pass band can be used, but with a resulting 
reduction in the screen contrast, as in- 
dicated above. Hence. i:i making a choice 
of interference lilter, the respective re- 70 
quirements of uewing angle and degree of 
contract must be balanced ae.ain.st one 
another. 

A luminescent screen in accordance with 
the invention may be employed in various 75 
a vM'C.itions. for example in cathode ray 
tubes. X-ray screens, and image intensi- 
fiers, as well as in electroluminescent 
panels This form of screen is particularly 
advantageous for use in an electro- 80 
luminescent panel, in view of the usual 
relatively low level of luminance of the 
latter, wh ; ch readers an improvement in 
contrast especially desirable for us 1 hieh 
amb : ent lighting conditions. ** 85 

One or more additional layers ry be 
incorporated in the screen structure if re- 
quired. For example, in the case of an 
electroluminescent nancl electrodes are pro- 
vided on either side of the phosphor layer 90 
in the usual manner, in the form of a lig'ht- 
transmissive electrically conducting layer, 
usually tin oxide, in direct contact with the 
phosphor layer, between the latter and the 
interference lilter, and one or more metal 95 
electrodes on the surface of the phosphor 
layer remote from the filter. 

The transparent support plate or plates 
for the phosphor and li T ht transmission 
modifying iayers comprising the screen is 100 
or are usually formed of glass. However, 
transparent plastic materials may be em- 
plc>ed in me cases, or for part of a 
screen si irt, provided that it is not 
necessary use high temperatures in the 105 
fabrication a: the screen or part thereof, 
as for example in the formation of a tin 
oxide layer in an electroluminescent panel, 
wh ; ch layer is normally formed as a coat- 
ing on a glass plate. 110 

The screen support or substrate may, if 
desired, consist of only a single glass plate, 
with one or more of the required layers 
formed, in the order specified above, on 
each side. However, mare than one trans- 115 
parent support plate may be used if de- 
sired; thus the screen may be built up, 
apart from the phosphor layer and back 
electrodes or any other eo'mponents re- 
quired on the side of the phosphor layer 120 
remote from the screen face, from com- 
mercially available units, each comprising 
a plate or rtlm of gb>s or other transparent 
material carrying nne of the required light 
transmission modifying layers. For ex- 125 
ample, an electroluminescent panel with 
high contrast screen may be fabricated by 
assembling together in a stack a glass plate 
with an anti-reflection coating on one side, 
a circular polariser in the form of a plate 130 
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or film o- r 1 stic materia i incorporating 
suitable polarising material, possibly sup- 
ported on a glass plate, then an interference 
Liter with a glass plate suppon, and finally 
5 a glass plate with a tin oxide eoatih- on 
the side remote from the filter, these com- 
pone;us being bonded together by means of 
suitable optical cement layers, and then, 
iii known manner, applying a phosphor 
10 layer on to the tin oxide coating and 
forming the back electrode or elect! odes on 
the phosphor layer. Preferably the arrange- 
ment is saeh that all the light transmission 
modifying layers are in contact with glass 
15 plates; if any of these layers are in contact 
with material of refractive index different 
from that of glass, whether a different 
transparent material or another of said 
layers, the light transmission will be modi- 
20 tied owing to the diffeieace in refractive 
index, and modification of the design used 
may therefore be necessary. 

The light transmission modifying layers 
may all be formed of conventional 
25 materials whose anti-reaection, circularly 
polarising, and interference filtering proper- 
ties, respectively, are well known. The 
materials used for the interference filter and 
their optical thicknesses will, of course, de- 
30 pend upon the wavelengths of the emission 
band or bands of the phosphor employed. 
In the case of a phosphor exhibiting a 
single relatively narrow emission band, 
such as a zinc sulphide electroluminescent 
35 phosphor, the interference filter will be 
formed of a combination of materials, 
allowing near-monochromatic light to pass 
therethrough. 

Such narrow band interference filters are 
40 known, and are formed from a multiplicity 
of layers of materials of high and low re- 
fractive index, deposited alternately on a 
substrate, examples of suitable combina- 
tions of materials being zinc sulphide and 
45 magnesium fluoride, zinc sulphide and 
cryolite, titanium dioxide and silica, and 
zinc sulphide and thorium fluoride. Similar 
combinations of materials can also be used 
to form the broad band anti-reflection 
50 coatings. 

A luminescent screen in accordance with 
the invention may be of flat construction, 
as is usually the case with electrolumines- 
cent panels, or may be formed with slight 
55 curvature, provided that the phosphor 
layer and the light transmission modifying 
layers are all parallel to one another and 
that the curvature is not sufficient to have 
an appreciable effect on the viewing angle 
60 as limited by the filter pass band, as ex- 
plained above. 

Several specific forms of construction of 
a luminescent screen in accordance with the 
invention are shown diagrammatically. in 
35 section, in the drawings accompanying the 



Provisional Specification, and will now 
bj described by way of example. 

In the drawings, which show, in greatly 
exaggerated thickness, portions o; various 
forms of an electroluminescent panel in- 70 
corporatiug a zinc sulphide phosphor, 

Figure T illustrates the principle of the 
invention, as applied to one form of the 
panel, and 

Figures 2 to 5 inclusive show alternative 75 
an an gs. men is of the components of the 
panel. Figures 3, 4 and 5 being exploded 
to show the separate units which are as- 
sembled together in fabrication of the 
panel. 80 

Like parts shown in the diiferent Figures 
of the drawings are indicated by the same 
reference numerals. 

£e;erring to Figure 1, the front surface 
of the panel consists of a broad-band anti- 85 
rejection coating 1 on a glass plate 2, and 
on the back of the glass plate 2 there are 
a circular polariser 3, a narrow band-pass 
interference filter 4, a transparent layer of 
tin oxide 5, the phosphor layer 6, and a 90 
back electrode 7, which is suitably formed 
of evaporated aluminium. The pass band 
of the interference filter 4 corresponds to 
the emission of the phosphor, which in 
the case of manganese activated zinc sul- 95 
phide is a band approximately from 570 
to 590 nm, jiving narrow bandwidth 
yellow light. 

In operation of the electroluminescent 
screen shown in Figure 1, incident light, 100 
indicated by the lines 8 ? falling upon the 
face o: the panel, passes through the coat- 
ing 1, which cuts out nearly all specular 
reflection of the light, and through the 
glass plate 2 and the circular polariser 3, to 105 
the interface between the polariser 3 and 
the filter 4, where all the light except that 
of the wavelength band corresponding to 
the filter pass band (represented by the 
line 9) is specularly reflected back into the 110 
polariser and absorbed therein. The light 
in the pass bard 9 passes through the filter 
4 and tin oxide layer 5 to the phosphor 
layer 6, where it is diffusely reflected, ap- 
proximately 50% of this light then being 115 
absorbed in the polariser 3 and the re- 
mainder returning to the face of the panel, 
as indicated at 9'. The li?ht emitted from 
one small portion of the phosphor layer is 
represented by the lines 10: approximately 120 
50% of the phosphor emission will a'so 
be absorbed in the circular polariser 3. 

Figure 2 shows an alternative arrange- 
ment of the panel components, in which 
the circular polariser 3 and the inter- 125 
ference niter 4, as well as the anti-reflection 
layer 1, are carried on the front face of the 
glass plate 2. 

Figure 3 illustrates one manner in wh ; ch 
the panel may be assembled, using initial 130 
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units cons>tine of i a j a *las.s phtj 2 with 
an anti-rejection u\uin:? I, 'h) a circular 
polarizer 3 in the form o: a transparent 
P^a>lic plate incorporating suitable poiaris- 
5 in^ ..uajal. 'o an iiuT : h i vr.ec lii :■■ 4, 
and^ 'd) a second -lass plate 2' *ith a tin 
oxiJj coating 5. To form the panel, these 
unit-; Li re bonded together, in the order 
shown, with an optical cnieni, and the 

10 phosphor ayer o and back electrode 7 are 
then dep ^ited on the tin rvde coatinc 5. 
Alter nathely. an electroluminescent panel 
consisting of the :Iass 2' with tin oxide 
coating 5, phosphor layer 6 and back elee- 

15 trode 7 is first made in the usual wav, and 
the components ta», <b> and let are then 
bond.d :o the front surface of the Mass 
plate 2'. 

Figures 4 and 5 show further rnodirica- 

20 tions oi the arrangement of initial units 
assembled together. Thus, in the arrange- 
ment of Figure 4, the interference tiller 
is carried on an additional glass plate 2", 
and in that of Figure 5 the polariser 3 and 

25 the Miter 4 are supported on opposite sides 
of a glass plate 2", in this ease the polar- 
ising material suitably being incorporated 
in a celluloid film. It' will be seen that, in 
both of these arrangements, all the loaht 

30 transmission modifying layers 1, 3 and 4 
are in contact only with glass, except that 
the anti-reflection coating 1 is also in con- 
tact with the air. 

In another possible alternative arranse- 

35 ment to those shown in Figures 3, 4 and 
5, which is not shown in the drawings, the 
glass plate 2' may be omitted, the tin oxide 
coating 5 being formed directly on the 
interference filter 4. 

40 The light transmission modifying layers 
employed in all the specific arrangements 
deseribed above with reference to the draw- 
ings, namely the anti-reflection laver 1, the 
circular polariser 3 and the interference 

45 filter 4, can all be formed of commercially 
available materials whose uses for these re- 
spective purposes are known. Thus suitable 
combinations of materials chosen from 
those referred to above may be used for 

50 the anti-reflection layer and the inter- 
ference filter, and the circular polariser 
may be of the type sold under the 
Registered Trade Mark "Polaroid" 

The electroluminescent panels of the 

55 forms shown in the drawings are all en- 
capsulated in a suitably controlled atmos- 
phere: the encapsulation is of known form 
and is not shown in the drawings. 
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1. A luminescent screen com pri sine one 
or more piates o: rigid transparent material 
and, supported on said plate or plates, a 
la\er oi phosphor and three layers each 
capable oi mediiying the transmission of 65 
light therethrough, which layers are dis- 
posed parallel to the phosphor ia'-er and 
consot o t:r>tly, disposed' furthest from 
the rhosphw l a >^r and constituting the 
front lace of the screen, a broad-band^ ami- 70 
re,:ea'o:i layer wlfch is capable of pre- 
venting most of the specular rejection, 
from the front >.ur ace of the screen, of a 
wave'ength band substantially correspond- 
ing to the visible spectrum, second! v a cir- 75 
cular polariser, and thirdly, disposed near- 
est to the pho>phor laver, a band-pass 
interference -ilier which permits the pas- 
sage therethrough of light only of wave- 
lengths corresponding to' the whole or nart go 
of the emission of the said phosphor, * the 
screen being so arranged that, in use, the 
incident ambient light falls directly upon 
the anti-reflection layer. 

2. A luminescent screen according to 85 
Claim I, which is an electroluminescent 
panel and includes also an electrode in the 
form of a light-transmissive electricalU con- 
ducting layer in contact with the phosphor 
layer, between the latter and the inter- 90 
ference filter, and one or more metal elec- 
trodes disposed on the surface of the phos- 
phor layer remote from the said filter. 

3. A luminescent screen according to 
Claim 1 or 2, in which the said light trans- 95 
mission m lifying layers are incorporated 

in the ft \ of units each comprising a 
p'ate or \\ 1 of transparent material carry- 
ing one 01 said layers. 

4. A luminescent screen according to 100 
Claim U 2 or 3, wherein all the said liaht 
transmission modifying layers are in con- 
tact with glass plates. * 

5. A luminescent screen according to 
Claim 1, constructed substantially as shown 105 
in, and as hereinbefore described with 
reference^ to. any one of Figures 1 to 5 of 

the drawings accompanvimTthe Provisional 
Specification. 



For the Applicants. 
J. E. M. HOLLAND 
Chartered Patent Anent. 
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